Introduction
The filter response shape of microring resonator filter was modified from Lorentzian shape to box-like by incorporating the vertically series coupled configuration. The shape factor, which is defined by the ratio of -IdB bandwidth to -I OdB bandwidth, was successfully improved from 0.17 of the Lorentzian shape to 0.57.
Vertically coupled microring resonator (VCMRR) filter is an attractive Add/Drop wavelength filter due to its functionality, compactness, and the possibility of dense integration resulting from the cross-grid configuration"', 12'. However, the packing efficiency of wavelength channels has been limited by the small value of shape factor, which is mainly determined by the filter response shape. The ideal response shape is the box-like function with the shape factor of 1.0, which has a very flat pass band and a very steep roll-off from pass band to stop band. For the Lorentzian shape, the shape factor is as small as 0.17, and the tailoring of filter response shape is requied to improve the shape factoi". In addition, the cross talk was limited to -20dB and the FSR was limited to be smaller than 20nm due to the limitation of ring radius resulting from the bending foss. In this study, the autors proposed and demonstrated the box-like filter response shape by incorporating a triple series coupled microring resonator structure as shown in Since the filter response shape of the single microring resonator filter is expressed by the Lorentzian function, the shape factor is as small as 0.17, and the large wing of the function limits the cross talk to be about -20dB. A series coupled microring resonator can improve these problems. Table 1 and Fig.2 show the comparison of the persormance of single, double, and triple series coupled microring resonator filters. Using the triple coupled microring resonator the shape factor is increased to 0.55, and the cross talk is reduced to -40dB. In addition the FSR can be expanded to the least common multiple of FSR's of individual microring resonators. Although the triple coupled microring resonator can achieve the ideal filter response, it is difficult to realize it in the planar structure because the coupling between microring resonators can not be controlled so precisely. In the planar structure, all the microring resonators and busline waveguides are fabricated in the same layer and the coupling between them is controlled by the gap distance, which is not so precisely controlled by etching. On the other hand, in the vertically coupled structure, the coupling strength can be controlled precisely by the thickness control of buffer layer, and so we designed and fabricated the vertically coupled triple microring resonator filter as shown in Fig. 1 Fig.4 shows the spectrum response of the triple coupled microring resonator with the ring radii of 28.5ym (FSR=8nm) for the Ring#l and #3 and 39.3ym (FSR=6nm) for the Ring#2. The magnified response of the second peak shown by the arrow in Fig.4 is shown in Fig.5 . It is seen that the filter response is successfully improved from the Lorentzian shape to box-like, and the shape factor was increased to 0.57.
The FSR of this filter was 20.3nm, which is a little smaller than the theoretidal vaule (24nm). This discrepancy seemes to be caused by the fabrication error of the ring width. In the other fabricated device, the FSR was expanded to 25.8nm using the combination of ring radii of 2 2 . 8~m and 39.3~m, ofwhich theoretical FSR is 30nm.
At the present stage, the insertion loss is about 30-40dB, which is niaily attributed to the large spot size mismatch loss at the inputioutput ends (about 30dB). This spot size mismatch has been improved by incorporating spot size transformers at the inputloutput ends and the loss has been reduced to 8dB, which will be presented late{". 
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